ABSTRACT
INTRODUCTION
Too many simulation models are dull. While simulation has graduated from the mainframe to the desktop, aside from animation, few simulation modeling tools are able to exploit the interactivity possible on a personal computer.
Simulation models can and should be captivating, encouraging the model user to experiment and use the model as a tool to explore. Additionally, a simulation analysis is not complete until the results are communicated to others and used to support decision making. This paper will discuss how Extend can be used to create models that are engaging as well as informative.
Two model examples will be used throughout the paper to illustrate the use of Extend. The first (discussed in Sections 2 and 3) is a single server, single queue system with random arrivals and processing times. The second model is of a call center environment for medical advice and appointments. The call center model compares a proposed system to the existing call system based on the percentage of calls answered within 1 minute. Section 4 will focus on the user interface and control panel for the model of the new call center.
EXTEND'S MODELING ENVIRONMENT
Before looking into how Extend can be used to build interactive models, it is helpful to understand the Extend modeling environment. Exit block which removes items from the system.
An enhancement to this model would be to specify that the delay in the Activity Delay is determined by a specific random distribution. This can be done by connecting the output of an Input Random Number block to the delay connector (labeled "D") on the Activity Delay block as in Figure This displays the estimated time before the run will be completed, the current simulation run time, the number of simulation steps completed so far, and the current simulation run number.
Once the simulation run has completed, the results of the simulation are reported within the blocks. ., ,,,,,, Simulation results may be stored in a table, plotted, cloned to a different area of the worksheet, exported to another program such as a spreadsheet or database, displayed in an animation, or even used to control some aspect of the computer's operation through external device drivers.
STANDARD EXTEND LIBRARIES
The Attributes -Unique variables which are local to the items moving through the simulated system. Priorities -A unique value, local to a given item, which can be used to rank items in a queue or interrupt items in process.
Values -The number of items represented by a single item. Setting a value will create clones of an item when that item arrives to a queue, resource, or exit block.
Discrete Event Library
The Discrete Event library contains blocks which are specific to modeling discrete event systems. In a discrete event model, the clock will update at intervals dictated by the individual events in the system. The discrete event blocks pass items to one another through their item connectors. If a discrete event block is unable to receive an item it rejects it and the item waits until it receives a downstream request. The Generic Library Generic library is used for both continuous and discrete event modeling.
In the continuums mode, calculations are performed at each evenly spaced clock step. In the discrete event mode, calculations are made in response to a request (message) from a discrete event block.
When used with Discrete Event library, the Generic library is typically used to provide values for inputs or operate on the value outputs of the discrete event blocks. Typical examples of using the Generic library in this mode include using a Decision block to cclmpare the length of two queues or using an Input Random Number block to generate a random time delay for an Activity.
There are a number of classes of generic blocks.
These include: mathematical calculation, integration, file operations, logical calculations, integration, statistical calculations, error reporting, simulation events (such as playing a sound or displaying a dialog), accumulation, and threshold detection.
Other Libraries
In addition to the above libraries, Extend also includes libraries for statistics, animation, plotters, utilities, electronics, filters, digital circuits, controls, anti DLLs or XCMDS.
Libraries are available from third party developers for control systems, paper manufacturing, neural networks, biology, and signal processing.
CUSTOMIZING EXTEND
The above discussion illustrates the highly griiphical and interactive nature of Extend. However, Extend is also malleable: it can take the shape of the model application.
The most visible aspect of a custom model is the user interface. By modifying an existing interface or creating a new one, the simulation modeler is able to create a model which can be exercised by someone more familiar with the system than with the simulation tool. Models can be built that fit naturally into the conceptual framework of the person using the model. In Extend, this can be done with a range of tools, including: This can be used to create a custom user interface. 
Cloning for a User Interface
Often used in conjunction with H-blocks, dialog cloning allows the modeler to create a copy or "clone" of an item's dialog and move it out to a different area. This can be used to create a dialog for an H-block by cloning out important dialog items to the top level of the H-block. Descriptive text and graphics can be added to enhance the user interface.
Cloning is done by selecting the clone tool (b) from the toolbar, clicking on the dialog item to be cloned and dragging it to another location.
In Figure 12 , the significant dialogs from the H-block in Figure 11 have been cloned to the upper left corner,
and descriptive text and simple graphics have been added. The block structure has been hidden from the model user by shrinking the H-block window. This creates an "executive interface" that allows a model user to easily change model parameters without needing to understand the entire model structure. The slider corresponds to the volume control on a radio. The model user can select the value by dragging the control on the slider to the appropriate value.
Maximum and minimum values can be entered directly on the slider.
The Switch resembles a light switch with two states: on or off. Clicking on one side of the switch or the other changes its state.
The meter reports a level of a simulation variable.
The dial on the meter will vary between the maximum and minimum values set for the meter proportionally to the value it represents. Figure 19 . This is a block which was developed for a specific purpose: it calculates the percent of the time that the upper input is greater than the lower input. While this can be done without any programming, (see Figure 10 ), a For example, since each block has an "OK' button, there is also an "OK" message handler which is called whenever the "OK' button is clicked. Typically, this message handler would check the consistency of the block data before the dialog is closed.
Connectors are also treated as script variables and message handlers. These are used during the simulation to pass information from one block to another.
Using scripting, additional animation options are available. For example, the icon of the block can be changed through animation objects. These can change the appearance of a block by modifying text, adding shapes or pictures, or displaying a level. An example of this is the Decision block which changes its icon based on the condition specified.
SUMMARY
The main goal for Extend is accessibility. This is achieved through low cost, a captivating model building environment, a native graphical user interface, and model development tools which make models for a specific area of application easy to build. Because Extend can be used without elaborate training or financial outlay, Extend is bringing the technology of simulation to more people than any other simulation product.
